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English Translation of Chinese Patent Application No: 

CN02129485.2 

Title 

Corner-Pumping Method and Gain Module 
for Solid-State Slab Lasers 

ABSTRACT 

A corner-pumping method and gain module for solid-staie slab lasers. The pump source is placed 
near Ihe slab corner, and ihe puinp light is directed to the comer face and incidents inside the slab. 
In order to confine the absorption of the pumped light to the center portion of the slab, the 
circumambient portions of the slab may be undoped while the one or more center portions of the 
slab are doped. Light from ihc pump is incident into the slab and mostly confined in tiie slab by 
total internal reflections (TIR) in order lo achieve fairly long absorption Icngch and therefore high 
absorption efficiency, to get high overall eFFiciency of the slab laser. This arrangement reduces the 
thermal distoiHons of the slab and the thermal induced effects, such as tlieimal lensing and 
birefregence, by the zig-zag path. More importantly, it offers liigh pump power density and good 
pump uniformity. This comer-pumping method is particularly suitable for solid-sute laser medium 
with relative low absorption coefTicient. This invention may be used in ciihcr a laser or an optical 
amplifier. 
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What is claimed is: 

1. A cornei-piunping method for slab lasers wherein said pumping method allows tlie 
pump light incident into the laser slab tlirough the slab comers. 

2. The pumping metliod as recited in claim 1, wherein comer faces are coated for high 
ti'ansmission ai the wavelength of the pump beams, lateral faces are coated for high 
reflection at the wavelength of the pump beams. 

3. The pumping method as recited in claim 1 or 2, wherein the laser beam propagates 
inside the slab' between two TIR faces in a zig-zag opiicai path. 

4. A solid-state laser gain module utilizing the pumping method as recited in claim I , 
consists of a slab of a solid stale lasing material with input and output faces and the pump 
soiu^e, wherein comer-pumping geometry is used. The pump source is placed near the slab 
comer, and the pumped light is directed into the corner faces of the slab. 

5. Tlie comer-pumped solid-state laser gain module as recited in claim 4, wherein said 
slab has four comer faces. 

6. The comer-pumped solid-state laser gain rnodulc as recited in claim 4, wherein said 
slab is formed by circumambient portion and central portion. The circumambient portion of 
the slab is formed from an undoped host material while one or more center portions of the 

slab are fomaed from doped host material. 

7. The comer-pumped solid-state laser gain module as recited in claim 6, wherein the 
cross section of the said central portion is rectangular, square or circulai". 

8. Tlie comer-pumped solid-state laser gain module as rcciicd in claim 4, wherein said 
comer faces are anti-reflection coated at the pump wavelength. 

9. The comer-pumped solid-state laser gain module as recited in claim 4, wherein said 
lateral faces are higlweflection coated at the pump wavelength, 

10. The corner-pumped solid-state laser gain module as recited in claim 4,5,6,7, wherein 
input face and output face of the laser beam are at the same side of the said slab. 

U. The corner-pumped soHd-siatc laser gain module as recited in claim 4,5,6,7, wherein 
input face and output face of the laser beam aj'e at the same side of the said slab. Two 
additional mirrors are placed at the opposite side of the said slab. 

12. The corner-pumped solid-state laser gain module as recited in claim 4, wherein said 
piunp source consists of diode array and coupling system. The coupling system includes 
two cylindrical lens and a lens duct. The iwo cylindrical lenses, placed between the diode 
array and the lens duct, are orthogonal to each other, and parallel to diode array's fast axis 
and slow axis, respeclively. 

13. The corner-piunped solid-stare laser gain module as recited in claim 4. wherein said 
pump source consists of diode anay and coupling system, the said coupling system is fiber 

bundle. 
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BACKGROUND OF THE INVENTION 

1 . Field of the Invention 

The present invention relates generally to a pumping method and gain module for use. for 
example, in a high power solid stale laser ajid more particularly to a pumping method and gain 
module which includes an extended slab of a solid state lasing maicrial, for example, a rare earth 
doped yttriura-aluminum-gamet (YAG) crystal This invention may be used in cither a laser or an 
optical amplifier. 

2. Description of the Prior Art 

For high power solid-state lasers, gain medium with rod or slab geometries arc commonly 
used. In general, slab geometry has advantages over rod geometry. For example, material for the 
slab is selected to have a relatively high index of refraction. The slab is cooled with a cooling 
medium having a relatively low index of refraction. This change in the index of refraction at tlie 
slab coolant interface results in incident light beams directed to one end tace of ihe slab being 
totally internally reflected tlirough the slab in a zig-zag manner. The zig-zag optical path averages 
the primary thermal gradient in the thiokness direction, reduces thermal lensing effect. Tlie 
rectilinear cross section of the slab makes stress-induced birefringence much lower. Example of 
solid state lasers utilizing such zig-zag amplifiers are disclosed in U.S. Pat, Nos.: 4,730,324; 
4,852,109; 5,305,345; 6,094,297 and 6.134,258. 

In order to excite the laser slab to a relatively high energy melastabic state, various pumping 
methods have been developed, such as side-pumping, end-pumping, and edge-pumping. For 
side-pumping geometry, the pumping sources are configured such thai the light from the pumping 
source is directed along a lateral face of the slab in a direction generally perpendicular to the 
longitudinal axis of the slab, to obtain uniform pump power distribution in the slab. Examples of 
optical amplifiers with such a configuration are disclosed in U.S. Pat. Nos.: 4J27,S27; 4,852,109; 
5,271,031; 5,305,345; 5,646,773 and 5,651,021. Such configurations, unfortunately limit the 
absorption length of the pumping light to just a few millimeters. When such side pump 
configiu-ation arc used with optical amplifiers which ttse a solid siauj lasing material with 
relatively low absorption coefficient, such as Yb doped materials, low absorption efficiency, and 
thus lower overall efficiency results. Disclosed in U.S. Pat. No. 6,094,297, a novel end-pumped 
zig-zag slab laser which has relatively long absorpiicn length is invented, but the disadvantage of 
this invention is that, with such configuration, power scaling is difficult because one can not 
couple more pump power into the slab while maintaining the slab thickness not too large. 
Disclosed in U.S. Pat. No. 6,134,258, a iransvcrse-puraped configuration is invented in order to 
increase absorption lei^ by using width of the slab instead of thickness to absorb pump light. 
Unfortunately, for high power laser using quasi-threc level lasing material, such as Yb:YA(i tlie 
doping concentration must be low in order to decrease lasing threshold, therefore, absorption is 
not sufficient wliile utili:ting such transverse-pumped configuration due to relatively low 
absorption coefficient. 
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SUMMARY OF THE INVENTION 

The present invention provides a corner pumping method and gain module for use, for 
example, in a high power solid stale slab laser, in order to obtain a relatively increased absorption 
length and higher absorption efficiency, therefore to gel high overall efnciency. Tlie 
comer-pumping geomerry also provides high pump pov/er density and good pump uniformity. 
When applied for laser medium wiih low absorption coefficient, it can also provide relatively high 
absorption efllciency. 

The invention mainly includes ihe following aspects. 

A comer-pumping metliod for slab lasers in which the pump light is directed to the corner 
face and incidents inside the slab. 

The comer faces of the slab arc coated with anti-refleclion coatings at the pump wavelength. 
The lateral faces of the slab may be high-reflection coated at the pump wavelength in order to 
ensure pump light not to escape. Laser beam propagates inside the slab between two TIR faces in a 
zig-^ag optical path. 

This invention also provides a solid-state laser gain module utilizing the above 
comer-pumping method. The gain module consists of a slab of a solid state lasing material and the 
pump source. The slabs are formed with a generally rectangular or square cross section area 
defmirg an input face and an output face, Tlie gain module in accordance with the presem 
inveniion mcorporates comer pumping in which the pumped light is directed into the corner faces 
of the slab and mostly confined by total internal reflections (TIR) resulting in multiple absoiptions 
and high absorption crficiency. 

fn order to obtain higher pump power density and better pump unifomiity as well as reduce 
the circumambient temperature of the slab, to make this inveniion suitable for quasi-three-levcl 
laser medium, the slab is formed from a composite material with the circumambient portions of 
the slab formed from an undoped host material while one or more center portions of the slab are 
formed from doped host material. 

The laser slab in accordance with the present invention has tlie following coatings. The comer 
faces are anti-refleciion coated at the pump wavelength, the lateral feces are high-rencciion coated 

at the pump wavelength. 

The present invention has the following advantages compared to those former inventions. Use 
of comer pumping in which the pumped light is directed imo the corner faces of the slab and 
mostly confined by toual internal reflections (T^K) resulting in multiple absorptions and high 
absorption efficiency, therefore enhance tlie overall efficiency. Use of composite material with the 
circumambient portions of the slab foi-med from an undoped host material while one or more 
center portions of the slab are formed from doped host material, to ensure that the pump power is 
absorbed in the center portion of tlie slab. Such a configuralion provides relatively low residual 
thermal lensing, vimially no birefringence, reduced circumambient temperature and distortion of 
tlie slab, and more ijnportanvly, higher pump intensity and better pump uniformity for quasi-threc 
level lasing material, such as Yb and Tm. 
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DESCRIPTION OF THE DRAWINGS 

The principles of the present invention may be readily understood with reference to the 
following specification and attached drawing wherein: 

Fig.l is a whole view of a gain module in accordance with the present invention. 

Fif^.2a,2b,2c are A-A cross section views of Fig. 1, show alternative shapes for the laser slab 
and alteraalivc optical path for tlie laser beam. 

Fig.3 shows ail alternative embodiment of the invention illustrating a slab with two center 
doped portions. 

Fig.4a, 4b. and 4c are B-B cross-section views of Fig.3, describe allernative shapes of the 
doped host material. 

Fig.5 is a diagram of a lens duct assembly and diode array for use wilh the present inveniion. 

Fig.6 is a plan view of an alternate embodiment of the invention illustrating a corner pumped 
architecture with fiber coupled pump light. 

Fig.7 is a schematic diagram of the corner pumped gain module in accordance with the 
present invention in a master oscillator power amplifier (MOPA) configuration. 

Fig.8 is similar to Fig.7 where the gain module in accordance with the present invention is 
used in a resonator configuration. 



DETAILED DESCRIPTION 

Fig.) is a whole view of a gain module In accordance with the present invention. The gain 
module 20 includes a slab 22 and four puntped beam sources 21. The slab 22 is fomied with a 
generally rectangular or square cross section defining a pair of opposing end faces 28 and 30. four 
lateral faces 31 and four comer faces 32. The number of comer faces is not restricted to be only 
four, more corner faces are also feasible. 

The slab 22 may be formed from a solid stale lasing material with a relatively high index of 
refraction to cause internal reflection of the input beam 26 in a generally zig-zag pauern as 
illustrated in Fig.2a, forming a so called zig-zag amplifier. Such zig-zag ainplifiers arc known to 
allow the input beam to average thermal gi-adicnts in the slab effectively providing a homogeneous 
gain medium. Zig-zag optical path, homogeaieous four comers pumping, and ihermal insulation at 
the slab edges can reduce thermal leasing as well as stress Induced birefringence. 

There are many alternative forms for the zig-zag optical path. In Fig.2a, the input face 26 and 
output ftice 27 are located at the opposite ends of the slab 22. In Fig.2b, input face 61 and output 
face 62 are at the same side of the slab 22, rather than at opposite sides a.s in Fig, lb. In Fig.2c. slab 
22 has four end faces 63, 64, 65, 66. Input face 63 and output face 64 are at the same side of the 
slab 22. Two additional mirrors 70 ore used in this arrangement, and arc placed in the input optical 
path of face 65 and the output optica) path of face 66. Fig.2a, 2b, 2c are intended to give an idea of 
the variety of shapes possible for slab 22. The figures do not represent an exhaustive list. 

In order to get higher pump power density and better pump uniformity, and reduce healing of 
the circumambient portions of the 5;lab 22, the slab 22 is fonncd as a diffusion bonded composite 
material (see Fig.l). More particularly, around the slab 22, the circumambient portions 34 of the 
slab 22 can be form from undoped host materials, such as yttrium-aluminum-garnei (YAG). These 
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circumambieni portion 34 caii be diffusion bonded to a central proiion 38 of the slab 22 formed 
from a doped host material, such as Yb doped YAC (Yb:YAG) forming four diffusion bond 
interfaces 40. Such diffusion bonding techniques are known in the art, Ibr cxajnple, as described in 
detail in U.S. Pal. No. 5,441,803 hereby incorporated by reference. Such a configuration limits the 
pump power absorption to the center portion 38 of the slab 22. By limiting the piunp power 
absorption to the center portion 38 oPihe slab 22, heat generated by the optical pumping is in the 
center portion 38 and away from the circumambient portion 34. In order to enable the pump light 
inlo the slab 22, the four comer faces 32 may be formed by way of a coating, such as an 
antireflection coating selected for the wavclengtli of the pump beams 24. As shown in Fig J, the 
aniircflection coating selected for the wavelength of the laser beam 26 is disposed on the opposing 
end feces 28 and 30, and thereby reducing losses of the input laser beam. Panhermore, four lateral 
faces 31 are high-reflection coated selected for the wavelength of the pump beams 24 to ensure 
pump light not to escape. The four pump beams 24 are directed to four corner faces 32 of the slab 
22 and are totally reflected inside the slab 22 lo achieve sufficient absorption. By utilizing the 
composite slab 22 as discussed above, the pump power absorption of the slab 22 is limited to the 
central portion 38 and therefore results in relative high pump power density and good pump 
uniformity which is particularly profitable for quasi-three level lasing material, such as Yb and 
Tm. 

An alternate embodiment is illustrated in Fig.3. Tliis embodiment is essentially die same as 
the embodiment illustrated in f ig.l with the exception that there are two doped host materials 39 
and therefore tlie optical path is folded by the additional mirror 71. 

There are many alternative shapes for die doped host material 39, Fig4a, 4b, and 4c show that 
the cross-section of the doped host material 39 can be rectangular, square or circular. Fig.4a, 4b, 4c 
are intended to give an idea of the vdriciy of shapes possible for doped host material 39. The 
Cgures do not represent an exhaustive list. 

The pump source 21 consists of high power diode array and its coupling system. High power 
diode anay 56, for example, wiih a diode array cooler 57, may be used to generate the pump 
beams. The coupling system is aimed to couple the pump light from high power diode array to the 
pump face efficiently, as generally Illustrated in Fig.S. The coupling system 50 includes two 
cylindrical lens 52, 53 and a lens duct 54, placed between a diode array 56 and a comer face 32 on 
the slab 22. The two cylindrical lenses are orthogonal to each other, and parallel to diode array's 
fast axis and slow axii>, respectively. The diode aiTays 56 may include a plurality of stacked diode 
bars 58 with individual micro-lens 60. The micro-lens 60 reduce ibe divergence of the fast axis of 
the bars 58 approximate 3" while the slow axis may have a full angle divergence on tlie order of 8 
• . By using the lens duct assembly 50, the output of the diode array 56 can be efficiently imaged 
onto the comer feces of the slab 22 with a large compress ratio, such thai a 2.7 X 2.2cm diode 
ai-ray may be imaged onto an area a.«; small as I X 2mm. 

An alternate embodiment is illustrated in Flg.6. This embodiment is essentially the same as 
the embodiment illustrated in Fig.l with the exception that the pump light is coupled to tlie slab 22 
by one or more optical fibers 92 forming a fiber bundle 94. Only one of four fiber bundles is 
shown for brevity. 

The gain module 20 in accordance with the present invention may be used to form a master 
oscillator power amplifier (MOPA). In this embodiment as illustrated in Fig.7, a ma.sicr oscillator 
72 is directed to an input end face 28 of the slab 22. Tlie master oscillator may be. for example, as 
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discussed and illustrated with respect to Fig.8 below. 

As illustrated in Fig.8, the optical amplifier 20 may be used to forni a master oscillator 74. 
Jnside, 76 and 84 are high reflective and partial reflective cavity minors, respectively. 78 is the 
Q-switch, 80 is ihc polarizer, and 86 represents output laser beam. 

It is known in the art that pumping of the slab 22 results in increased temperature in the area 
where the pump light is absorbed. In order to cool the slab 22, various cooling methods can be 
used. Both conduction and convection cooling systems are suitable. 

To minimize the thermal resistance between the slab 22 and the coolers, a ihin layer of a 
thermally conductive material such as a soft metal such as indium or gold, may be used. During 
assembly, the cooier/indium/slab assembly may be held under pressure at elevated temperatures, 
approximately 150*C to flow the indium and eliminate contact resistance. 

In the case of convection and conduction cooling, the upper and lower taces of the slab 22 are 
coated with a dielectric material which serves as an evanescent wave coating 48 to preserve total 
internal reflection, as shown in Fig.2a. Tine evanescent v/ave coating 48 allows the slab 22 to be in 
direcrly adhered to the impingement cooler. A thick layer (2-4Lim) of MgFi or SiOj may be used as 
the evanescent wave coating 48. 

Obviously, many modifications and variations of the present invention are possible in light of 
the above teachings. Thus, it is to be understood that, within the scope of the appended claims, the 
invention may be practiced otherwise than as speciHcally described above. 
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